Heat flow values in the E-W trending centraJ rift zone, on the other hand, appear to be lower. This is probably due to hydrothermal activities in the rift zone. The correlation between the heat flow and bathymetric contours is discernable, but with a slight southward shift in the heat flow pattern.
Heat flow values in the E-W trending centraJ rift zone, on the other hand, appear to be lower. This is probably due to hydrothermal activities in the rift zone. The correlation between the heat flow and bathymetric contours is discernable, but with a slight southward shift in the heat flow pattern.
Considering the fact that abnormally high and low heat flows are observed near volcanic intrusions, extrusions and faults, and that much higher heat flows would be expected if the full sedimentation effects were eliminated, we suggest that the magma associated with the extension of the southwest ern Okinawa Trough has at least extended into the southwestern end of the Okinawa Trough, in northeast Taiwan.
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INTRODUCTION
The Okinawa Trough is a curved backarc basin which is convex to the southeast, and located behind the Ryukyu Trench and Ryukyu Islands. It extends from the llan Plain in north ern Taiwan to Kyushu Island in southern Japan. Its width increases from 60 -100 km in the south to 230 km in the north. The maximum water depth is 230 0 mi n the south, progressively
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decreasing to 200 mi n the north. Tectonically, the Okinawa Trough, formed by extension within the continental lithosphere (Uyeda 1977) , is linked to the subduction of the Philippine Sea plate beneath the Eurasian plate. The bending of the Okinawa Trough at its southwestern end is due to the collision between the Luzon volcanic arc riding along the western edge of the Philippine Sea plate and the passive continental margin of the Eurasian plate. South of Taiwan, the Philippine Sea plate overrides the Eurasian plate, whereas northeast of Taiwan the Eur asian plate overrides the Philippine Sea plate. In the southwestern part of the trough, geologi cal evidence suggests that the backarc was initially rifted in the mid-to-late Miocene, and after 5 my cessation of tectonic activity, the second rifting restarted during Pliocene (Kimura 1985; Sibuet et al. 1995) . The backarc extension is believed to have started very recently (upper Pleistocene), as shown by the presence of en echelon (Sibuet et al. 1987; Park 1996; Sibuet et al. 1998 ). Seismic refraction profile shows that the southern Okinawa Trough is still in a continental rifting stage and the extent of oceanic crust is restricted to the trough axis (Hirata et al. 1991) . The west end of the Okinawa Trough is joined to the Lishan trough (Sibuet et al. 1998 ), a northeast extension of the Lishan fault which was recently identified beneath the Ilan Plain (Hsu et al. 19 . 96b) . Numerous normal faults in the Lishan trough are ENE-WSW trend ing while further east, in the southern flank of the southwestern Okinawa Trough, normal faults associated with volcanic intrusions are oriented in an E-W direction, roughly parallel to the extension axis of the Okinawa Trough. Present-day earthquakes are active and suggest that the present-day extension is still in a N-S direction. Continuous spreading and volcanism in the mid and southern Okinawa Trough is indicated by high heat flows. Heat flow values in the Okinawa Trough are relatively high (about 110 mW/m2 on the average) and very variable (from 9 to 437 mW/m2), as observed in young ocean basins (Yasui et al. 1970; Lu et al. 1981) .
In the southwestern part, heat flow seems to be lower in the vicinity of the central rift zone than that in the surrounding areas. Around 126°E, there is a high heat flow area proposed by Vander Zouwen (1984) and Yamano et al. (1989) . An extremely high (600 mW!m2 on the average) and localized heat flow anomaly was observed in the central rift zone which was probably caused by present or recent igneous activity (Yamano et al. 1989) .
A major ocean current, the Kuroshio (Black Current), passes through the passage between Taiwan and the southernmost part of the Ryukyu Island Arc and flows northeastward along the Okinawa Trough (Ono et al. 1987) . It is the biggest western boundary surface current in the western Pacific and plays an important role in the meridional transport of heat, mass, momentum and moisture from the western Pacific warm pool to the high latitudes of the North Pacific. Its role in the Pacific is as important as the Gulf Stream in the North Atlantic. Lack of knowledge of the past history of this important current system has hindered us from building a complete scenario for the Pleistocene climatic evolution of the Western Pacific. In order to understand the variability of the Kuroshio that combines both the study of surface ocean circu lation records from the Okinawa Trough sediments and modeling of atmospheric and oceanic responses to different boundary conditions, as inferred from the geological records, a scien tific group from Taiwan studying the southernmost part of Okinawa Trough, recently pro posed a drilling site to the Ocean Drilling Program (ODP). The site, KS-1, is located at 24° 48.24'N, 122°30'E at a water depth of 1270 m (Fig. 1) . Downhole temperature and thermal conductivity are measured on most of the ODP legs. This site, if drilled, could provide valu-able data on the thermal structure of this area and for the prediction of a stretching model of the continental lithosphere.
Although the southwestern Okinawa Trough has been surveyed using gravity, magnetic, seismic and swath-bathymetric profiles (Pascouet 1991; Huang et al. 1992; Hsu et al. 1996; Sibuet et al. 1998) , few heat flow measurements in this region have been published. Between 122°E and 124°E in the trough, no more than ten heat flow measurements have been made and most of these are concentrated near the central rift zone. None have been made within 10 nautical miles of the KS-1 drilling site.
The purpose of this paper is to provide the results of recent heat flow measurements at and in the vicinity of the KS-1 drilling site (Fig. 1 ), and to establish the thermal characteristics at the southwestern end of the Okinawa Trough. On the other hand, the opening of the Okinawa Trough may continue onto Taiwan but the relation between the opening of the trough and the occurence of a nearby onshore geothermal field remains unsolved. This study can provide more information to help understand their thermal interaction.
FIELD MEASUREMENTS
In July and September of 2000, 26 heat flow measurements were made on board RIV Ocean Researcher I. Twenty-one of them were chosen along pre-existing seismic profiles, that provide good structural and stratigraphic control of the measuring sites. The heat probe used was developed at the Institute of Oceanography, National Taiwan University. It empl o ys the 'Violin bow' strength member and parallel sensor string configuration suggested by Lister (1979) . It permits multiple 'pogostick' penetrations on each lowing and measures in situ thermal conductivity, as well as temperature gradient, over the same interval. Although the heat probe has the capability of multipenetration, due to the time constraint, only one penetra tion was attempted at most of the sites in this study, except at Sites 1 and 2 where two measure ments were taken. During each penetration, the instrument remains undisturbed in the sea floor for about 30 minutes to measure temperature and in situ thermal conductivity (12 min utes for the temperature gradient; 18 minutes for the thermal conductivity). Meticulous me chanical and electronic designs allow temperature resolution better than O.lm°K in the range of -1°C to 25°C. Thermal conductivity is obtained by a least-squares best fit of the observed temperature curve generated from a heat pulse to the cylindrical decay function (Bullard 1954) through successively adjusting the thermal conductivity and the origin time. Two decimal resolution in for the conductivity reduction is achieved.
TEMPERATURE GRADIENTS
The temperature gradients measured are given in Fig. 2 . In general, they show little, if any, departure from linearity. Together with the bottom water temperature, these gradients were also used to determine the temperature at the penetration depth. Average gradient values are determined from the best linear fit of equilibrium temperatures for each thermistor versus depth. Temperature gradients at Sites 1, 10, 11, and 16 are significantly higher than those at others, which may be related to the nearby presence of volcanic intrusions, extrusions or base- .... .. . 
THERMAL CONDUCTIVITIES
Minerealogical data (Lin and Chen 1983) suggest that the muddy sediments in the south western Okinawa Trough are mainly terrigenous in nature, derived from China, Taiwan and the Ryukyu Arc. As biogenic and volcanic contributions are quite small, Lin and Chen (1983) conclude that the continent-derived sediments are transported and dispersed from the East China Sea by bottom currents. Chung and Chang (1995) proposed a possible sedimentation by boundary scavenging, coupled with the Kuroshio water flowing through the area. Sediments, on the lower slope of the trough are of clayey silts and silty clays (Lin et al. 199 2). The thermal conductivity of the sediment at each site is well constrained and almost invariable through the penetration depth. The observed temperature gradients also show great linearity ( Fig. 2 and Table 1 ). Thus for a given depth interval, the multiplicity of temperature gradient and its corresponding thermal conductivity equals a constant, as would be expected for uni form heat flow over a site.
Most of the variations with respect to the mean value of conductivity at all sites <ire less than 10%. An extraordinarily high value occurred at Site 26 which is about 15% higher than the mean and may reflect lateral variation in sediment types or their physical properties on the southern slope of the Okinawa Trough.
For the other 25 sites, except site 22 which is 0.788 wm-1K1, the conductivities are gener ally uniform with a mean value of0.91 ±O.l Wm-1K1, which is similar to that of typical marine sediments. Although there are some differences in mean conductivities between sites, varia tion with respect to depth is not obvious at most of the sites, with the exception of Sites 18 , 23, and 25 (Fig. 2) .
EFFECTS OF SEDIMENTATION
Since the heat flow measurements are made by means of heat probes that penetrate the sea fl oor sediment at the ocean bottom, we must also consider the effect of the sediment accumu lated over a long period of time. Each grain of sediment arrives at the sea floor at the tempera ture of the water through which it has been falling, and as the water-sediment boundary is slowly raising, the temperature at every point below it must adjust upward towards a new equilibrium value. This means that part of the conducted heat must be used to warm the material through which it is passing, and the heat flow value at the sea floor surface is reduced.
The sedimentation rates estimated from the excess Pb-21 0 profiles of the cores range from 0. 09 to 0. 52 cm/yr for the lower slope, and decrease toward the deeper part of the south westernmost end of the Okinawa Trough (Chung and Chang 1995) . With this extremely high sedimenta tion rate (normal rate in the deep sea is of the order of 10 -4 to 10-3 cm/yr), the temperature disturbance becomes significant in comparison with measurement errors. In order to correct the sediment effects, the sedimentation rates at the heat flow measurement sites are interpo lated from coring locations nearby. The thickness of the recent deposited sedimentary layers at each site are estimated from seismic reflection profiles. Calculations are then made to incorporate the sedimentation effects into the equations of Jaeger (19 65; adapted by Kappelmeyer and Haenel 1974) . WD=water depth, K =thermal conductivity, G=temperature gradient, Q=heat flow. Figure 3 shows the locations of the heat flow measurement sites and seismic reflection profiles in the study area. Most of the sites are along seismic reflection lines which provide information on the thickness of the sedimentary layers and distribution of the volcanic bodies (Fig. 4) . Excluding the tectonically active zone, the average heat flow for the ocean basin is about 62 mW/m2• After sedimentation correction, high heat flow. s of 110.3, 103.3 (Fig. 4a) , 172.5 (Fig. 4b ) and 98.8 (Fig. 4c) We suggest that the magma associated with the rifting of the southwestern Okinawa Trough has at least extended to the southwestern end of the trough. ;:::
HEAT FLOW DISTRIBUTIONS
� ;::: : The low heat flows, ranging from 46.1 to 54 m Wlm2 across the trough from south to north, correspond to the faults where heat has been absorbed due to hydrothermal circulation of interstitial seawater.
The correlation between the heat flow pattern and topography at the southwestern end of the Okinawa Trough is discernible, except that the former is trending slightly southward. We believe that the sedimentation-corrected heat flows could be higher than that calculated in this study because only the most recent surface sedimentation effects have been considered, due to the limited penetration depth of the available seismic data. That is, the present heat flow study supports the idea that the backarc rifting magma has at least extended westward into the south western end of the Okinawa Trough, northeastern Taiwan. On the other hand, temperatures and temperature gradients are relatively low at or near drilling site KS-1 proposed for ODP Contigency Program.
